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(57) ABSTRACT

A method of manufacturing a semiconductor device with an
epitaxial semiconductor zone, whereby

a first layer of insulating material, a first layer of non-
monocrystalline silicon, and a second layer of insulat-
ing material are provided in that order on a surface of
a silicon wafer,

a window with a steep wall 1s etched through the second
layer of insulating material and the first layer of non-
monocrystalline silicon,

the wall of the window 1s provided with a protective layer,

the first insulating layer 1s selectively etched away within
the window and below an edge of the first layer of
non-monocrystalline silicon adjoining the window such
that both the edge of the first layer of non-
monocrystalline silicon 1itself and the surface of the
wafler become exposed within the window and below
said edge,

semiconductor material 1s selectively deposited such that
the epitaxial semiconductor zone 1s formed on the
exposed surface of the wafer, and an edge of polycrys-
talline semiconductor material connected to the epi-

taxial semiconductor zone 1s formed on the exposed
edge of the first layer of non-monocrystalline silicon,

an 1nsulating spacer layer 1s provided on the proctective
layer on the wall of the window, and

a second layer of non-monocrystalline silicon 1s depos-
ited. The provision of a top layer of a material on which
non-monocrystalline semiconductor material will grow
during the selective deposition of the semiconductor
material, which top layer 1s provided on the second
layer of insulating material before the selective depo-
sition of the semiconductor material, achieves that the
selective deposition process can be better monitored.

1 Claim, 3 Drawing Sheets
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MANUFACTURE OF A SEMICONDUCTOR
DEVICE WITH AN EPITAXIAL
SEMICONDUCTOR ZONE

BACKGROUND OF THE INVENTION

The 1nvention relates to a method of manufacturing a
semiconductor device with an epitaxial semiconductor zone,
whereby

a first layer of insulating material, a first layer of non-
monocrystalline silicon, and a second layer of insulat-
ing material are provided in that order on a surface of
a silicon wafer,

a window with a steep wall 1s etched through the second
layer of insulating material and the first layer of non-

monocrystalline silicon, so that the first layer of insu-
lating material becomes exposed,

the wall of the window 1s provided with a protective
layer,—the first insulating layer 1s selectively etched
away within the window and below an edge of the first
layer of non-monocrystalline silicon adjoining the win-
dow such that both the edge of the first layer of
non-monocrystalline silicon itself and the surface of the
waler become exposed within the window and below
said edge,

semiconductor material 1s selectively deposited such that
the epitaxial semiconductor zone 1s formed on the
exposed surface of the water, and an edge of polycrys-
talline semiconductor material connected to the epi-
taxial semiconductor zone 1s formed on the exposed
edge of the first layer of non-monocrystalline silicon,

an 1nsulating spacer layer i1s provided on the proctective
layer on the wall of the window, and

a second layer of non-monocrystalline silicon 1s depos-

ited.

The semiconductor device may be a bipolar transistor
here while the epitaxial semiconductor zone forms the base
of the transistor. The emitter of the transistor is then formed
through diffusion from the second layer of non-
monocrystalline silicon. The base 1s contacted through the
first non-monocrystalline layer of silicon, the emitter
through the second non-monocrystalline layer of silicon.
The semiconductor device may alternatively be a MOS
transistor. The MOS transistor 1s then formed in the epitaxial
semiconductor zone. In that case, a gate oxide layer is
formed on the epitaxial zone before the second layer of
non-monocrystalline silicon 1s deposited. A pattern of
conductors, from which the source and drain zones are
diffused into the epitaxial zone, 1s then formed in the first
layer of non-monocrystalline silicon before the first layer of
insulating material 1s deposited. The source and drain are
contacted by the conductors formed in the first layer of
non-monocrystalline silicon. The second layer of non-
monocrystalline silicon here forms the gate electrode of the
MOS transistor.

It 1s of major importance, both 1n the manufacture of the
bipolar transistor and 1n the manufacture of the MOS
transistor, that during the selective deposition no semicon-
ductor material should be deposited on the protective layer
provided on the edge of the window. A layer deposited there
would cause a short-circuit from the emitter to the base or
from the source to the drain, as the case may be.

EP-A-0 535 350 discloses a method of the kind mentioned
in the opening paragraph whereby the first layer of insulat-
ing material comprises silicon oxide, the second layer of
insulating material silicon nitride, and the protective layer
provided on the window wall silicon nitride. S1,__Ge_ 1s
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selectively deposited as the semiconductor material, X being
orcater than 0.2 and smaller than 0.4.

In practice, one or several silicon walers are heated in a
reaction chamber while a mixture of gases 1s conducted over
the waters 1n the selective deposition of semiconductor
material. The deposition process 1s monitored by means of
test data obtained 1n that a layer 1s deposited on a bare test
waler of silicon. During deposition, this test wafer 1s cov-
ered over 1ts entire surface with a layer of semiconductor
material. When the method 1s carried out, however, wafters
positioned 1n the reaction chamber are not covered over their
entire surfaces with semiconductor material during the
deposition, but only on the silicon exposed within the
windows present on the wafer, not on the protective layer on
the window walls and not on the second layer of insulating
material. The deposition process progresses completely dif-
ferently within the comparatively small windows than on the
test waler which 1s covered with semiconductor material
over 1ts entire surface. The test data obtained from the test
waler are therefore not representative of the deposition in
the windows. Since 1t cannot be directly measured how the
process progresses within the comparatively small windows,
moreover, 1t 1s very difficult to monitor the selective depo-
sition process during the formation of the epitaxial semi-
conductor zone.

SUMMARY OF THE INVENTION

The 1nvention has for i1ts object mter alia to improve the
method mentioned in the opening paragraph such that the
selective deposition process during the formation of the
epitaxial semiconductor zone can be monitored 1n a simple
manner.

According to the 1nvention, the method 1s for this purpose
characterized 1 that, before the selective deposition of the
semiconductor material, a top layer 1s provided on the
second layer of 1nsulating material, which top layer 1s made
of a material on which non-monocrystailine semiconductor
material will grow during the selective deposition of the
semiconductor material.

Not only the silicon exposed within the windows present
on the wafer 1s now covered with semiconductor material,
but also the top layer provided on the second layer of
insulating material on the walfers present 1n the reaction
chamber. It 1s only the walls of the windows coated with the
protective layer which are not provided with semiconductor
material. This means that the walers are substantially
entirely covered with semiconductor material. It 1s found in
practice that 1 that case the deposition can indeed be
monitored by means of the test data obtained from the test
waler. It 1s found that a monocrystalline layer 1s deposited on
the test water as quickly and to the same thickness as on the
silicon exposed within the windows. It 1s surprisingly found
that the fact that a non-monocrystalline semiconductor mate-
rial 1s formed on the top layer instead of a monocrystalline
one plays no part here.

Preferably, a top layer of non-monocrystalline silicon 1s
provided on the second layer of 1nsulating material. A layer
of non-monocrystalline semiconductor material 1s then
deposited thereon during the deposition of semiconductor
material. After the formation of the epitaxial semiconductor
zone and after the provision of the msulating spacer layer on
the wall of the window, the second layer of non-
monocrystalline silicon i1s then deposited. A connection
conductor for the emitter zone 1s formed therein 1n the case
of a bipolar transistor, whereas the gate electrode 1s formed
here 1n the case of a MOS ftransistor. The same pattern may
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then be simply etched into the top layer of non-
monocrystalline silicon, into the layer of non-
monocrystalline semiconductor material deposited on the
top layer, and 1nto the second layer of non-monocrystalline
silicon for the formation of the connection conductor or gate
clectrode. Said pattern can be etched in one and the same
plasma when the semiconductor material 1s silicon or

Si,__Ge,_ with 0.1<x <0.4.

The top layer 1s formed on the second layer of insulating
material 1n a stmple manner when the top layer 1s already
provided on the second layer of insulating material before
ctching of the window, and the window is etched also
through the top layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained 1n more detail below by
way of example with reference to a drawing, 1n which:

FIGS. 1 to 6 diagrammatically and in cross-section show
a few stages 1 the manufacture of a bipolar transistor with
an epitaxial base manufactured by a method according to the
mmvention, and

FIGS. 7 to 9 diagrammatically and in cross-section show
a few stages 1n the manufacture of a MOS transistor with an
epitaxial channel zone manufactured by a method according
to the mvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The manufacture of a bipolar transistor with epitaxial base
as shown 1n FIGS. 1 to 6 starts with a silicon wafer 1 with
a buried n*-type layer 2 and an n-type epitaxially formed
layer 3 1n which field oxide 4 1s formed 1n a usual manner,
for example through local oxidation of silicon. Two regions
S and 6 are surrounded by the field oxide 4. The transistor
will be formed 1n region 5, and the buried layer 2 will be
contacted 1n region 6. The epitaxial layer 3 1n region 5 forms
the collector zone of the transistor.

A first layer of insulating material 8, a first layer of
non-monocrystalline silicon 9, and a second layer of 1nsu-
lating material 10 are provided 1n that order on the surface
7 of the silicon wafer 1. The first layer of 1insulating material
8 here 1s an approximately 150 nm thick silicon oxide layer,
the layer of non-monocrystalline silicon 9 an approximately
300 nm thick p*-type layer of polycrystalline silicon, and the
second layer of insulating material 10 an approximately 150
nm thick layer of silicon nitride. A top layer 11 of polycrys-
talline silicon to be further discussed below 1s provided on
the second layer of 1nsulating material 10.

Before the layer 10 and 11 are provided, the layer of
non-monocrystalline silicon 9 1s etched into a pattern. The
layer of non-monocrystalline silicon 9 1s present above the
region 3, but not above the region 6. An etching mask 12 1s
formed on the top layer 11 1n usual manner and provided
with a window 13 at the area where the epitaxial base will
be formed 1n region 5 and with a window 14 at the area
where the buried layer 2 will be contacted 1n the region 6.
The etching mask 12 may be a photoresist mask, or alter-
natively a hard mask of, for example, silicon oxide.

A window 15 with a steep wall 16 1s etched through the
top layer 11, through the second layer of insulating material
10, and through the first layer of non-monocrystalline silicon
9 at the area of the region 5 by means of a usual anisotropic
plasma etching treatment. A window 17, also having a steep
wall 18, 1s etched through the top layer 11, the second layer
of insulating material 10, the first layer of insulating material
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8, and the epitaxial layer 3 at the area of region 6. The wall
16 of the window 135 1s subsequently given a protective layer
19, and the wall 18 of the window 17 a protective layer 20.
In this example, an approximately 50 nm thick layer of
silicon nitride 1s deposited for this purpose and i1s subse-
quently subjected to an anisotropic plasma etching treatment
until the layer has been removed again except from the walls

16 and 18.

In a subsequent usual 1sotropic etching treatment, the first
insulating layer 8 1s selectively etched away within the
window 15 and below an edge 21 of the first layer of
non-monocrystalline silicon 9 adjoining the window, both
the edge 21 of the first layer of non-monocrystalline silicon
itself and the surface 7 of the water within the window 135
and below the edge 21 becoming exposed thereby.

Subsequently, semiconductor material 1s selectively
deposited 1n that, after cleaning 1n an atmosphere of pure
hydrogen at a temperature of 925° C., a gas mixture com-
prising 20 1 hydrogen, 20 cc dichlorosilane, and 7 cc
hydrochloric acid 1s conducted over the wafer, which 1is
heated to 700° C., at a pressure of approximately 20 torr.
Silicon 1s selectively deposited in this manner. If an addi-
tional 0.2 cc germanium 1s added to the above gas mixture,
S1,__Ge_ with x=0.1 1s selectively deposited. The epitaxial
base zone 23 1s formed on the exposed surface 7 of the wafer
1 within the window 15, and an edge of polycrystalline
semiconductor material 24 connected to the epitaxial base
zone 23 1s formed on the exposed edge 21 of the first layer
of non-monocrystalline silicon 9. A polycrystalline layer 25
of the semiconductor material 1s deposited on the top layer
of polycrystalline silicon. The semiconductor material
deposited 1n the window 17 1s removed. Since the deposition
of semiconductor material proceeds selectively, no semicon-
ductor material 1s deposited on the protective layers 19 and

20 of the windows 15 and 16.

Insulating spacer layers 26 and 27 are provided on the
protective layers 19 and 20 on the walls 16 and 18 of the
windows 15 and 17. In this example, an approximately 100
nm thick layer of silicon oxide 1s deposited for this purpose
and 1s subsequently subjected to an anisotropic plasma
ctching treatment until only the spacer layers 26 and 27
remain. Finally, a second layer of non-monocrystalline sili-
con 28 is deposited, in this example a layer of n™-type
polycrystalline silicon. A base contact zone 29 1s formed
through diffusion from the first layer of non-monocrystalline
silicon 9, and the emitter zone 30 1s formed from the second
layer of non-monocrystalline silicon 28. Finally, a pattern of
conductors 31 and 32 1s etched into the layer 28, the layer
25, and the layer 11. Conductor 31 contacts the emitter zone
30, conductor 32 the buried layer 2 and thus the collector
zone of the transistor. The layer 9 contacts the base zone 23
via zones 24 and 29.

The manufacture of a MOS ftransistor with epitaxial gate
zone as shown 1n FIGS. 7 to 9 starts with a silicon wafer 1
mn which field oxide 4 1s formed in usual manner, for
example through local oxidation of silicon. A rectangular
region 35, in which the MOS ftransistor will be formed, 1s
surrounded by the field oxide 4. Corresponding parts in
FIGS. 7 to 9 have been given the same reference numerals

as 1n FIGS. 1 to 6.

A first layer of insulating material 8, a first layer of
non-monocrystalline silicon 9, and a second layer of 1nsu-
lating material 10 are again provided here 1n that order on
the surface 7 of the silicon wafer 1. The first layer of
insulating material 8 1n this case 1s an approximately 50 nm
thick layer of silicon oxide, the layer of non-monocrystalline
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silicon 9 an approximately 100 nm thick layer of n™-type
polycrystalline silicon, and the second layer of insulating
material 10 an approximately 50 nm thick layer of silicon
nitride. A top layer 11 of polycrystalline silicon yet to be
discussed below 1s provided on the second layer of insulat-
ing material 10.

The layer of non-monocrystalline silicon 9 1s etched mto
a pattern before the layers 10 and 11 are provided. For the
MOS transistor, two conductor tracks 36 and 37 are etched
in this layer 9. The region 1n the example has a width of 1.2
um, seen transversely to the plane of drawing, while each
conductor track 36, 37 has a width of 1 um. The other layers
8, 10, 11 do cover the entire surface 7 of the water 1.

A window 38 with a steep wall 39 1s etched through the
top layer 11, the second layer of msulating material 10, and
the first layer of non-monocrystalline silicon 9 at the area of
the region 35 by means of a usual anisotropic plasma etching
treatment. The wall 39 1s subsequently given an approxi-
mately 200 nm thick protective layer 40 provided with
silicon nitride, as 1n the previous example.

In a next usual 1sotropic etching treatment, the first
insulating layer 8 1s selectively etched away within the
window 38 and below an edge 41 of the first layer of
non-monocrystalline silicon 9 adjoining the window, both
the edge 41 of the first layer of non-monocrystalline silicon
itself and the surface 7 of the water within the window 38
and below the edge 41 becoming exposed thereby.

Semiconductor material 1s subsequently selectively
deposited, as 1 the preceding example. The epitaxial gate
zone 42 1s formed on the exposed surface 7 of the water 1
within the window 38, and an edge of polycrystalline
semiconductor material 43 connected to the epitaxial gate
zone 42 1s formed on the exposed edge 41 of the first layer
of non-monocrystalline silicon 9. A polycrystalline layer 44
of the semiconductor material 1s deposited on the top layer
of polycrystalline silicon. No semiconductor material 1s
deposited on the protective layer 40 because the deposition
of semiconductor material proceeds selectively.

As 1n the preceding example, an approximately 200 nm
thick 1nsulating spacer layer 45 of silicon oxide 1s provided
on the protective layers 40. Then the epitaxial gate zone 42
1s given a gate oxide layer 46 1n a usual manner through
oxidation. Finally, a second layer of non-monocrystalline
silicon 47 1s deposited, 1n this example a layer of n™-type
polycrystailine silicon. A source connection zone 48 and a
drain connection zone 49 are formed through diffusion from
the first layer of non-monocrystalline silicon 9. Finally, a
gate electrode 50 1s etched into the layer 47, the layer 44 and
the layer 11. The conductor 36 contacts the source connec-
tion zone 48 via zone 43, the conductor 37 contacts the drain
connection zone 49 via zone 43.

In the examples described, a top layer 11 of a material on
which non-monocrystalline semiconductor material waill
orow during the selective deposition of the semiconductor
material 1s provided on the second layer of insulating
material 10 before the selective deposition of the semicon-
ductor material whereby the epitaxial base zone 23 and the
epitaxial gate zone 42 are formed.

A number of silicon wafers 1s heated 1n a reaction cham-
ber while a mixture of gases 1s conducted over the wafers
during the selective deposition of semiconductor material. A
bare test waler of silicon 1s also placed i1n the reactor
chamber during this. This test wafer 1s covered with a layer
of semiconductor material over 1ts entire surface during the
deposition. The deposition process can be monitored with
the aid of data measured during the deposition of the
semiconductor material on the test wafer.
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In the examples described, not only the silicon exposed
within the windows 15, 17, 38 present on the walfer 1s
covered with semiconductor material, but also the top layer
11 provided on the second layer of insulating material 10 on

the walers present 1n the reaction chamber. It 1s only the
walls 16, 18, 39 of the windows 15, 17, 38 covered with the

protective layers 19, 20, 40 which are not given a deposit of
semiconductor material. This means that the wafers are

practically entirely covered with semiconductor material. It
1s found 1n practice that the deposition can then be satisfac-
torily monitored by means of the data obtained from the test
waler. It 1s found that a monocrystalline layer 1s deposited on
the test waler now as quickly and to the same thickness as
on the silicon exposed within the windows.

Without the top layer 11, the other wafers arranged 1n the
reaction chamber would not be covered with semiconductor
material over their entire surfaces during the deposition but
only on the silicon exposed within the windows 15, 17, 38
present on the wafer. The deposition process, however,
progresses 1n an entirely different manner within the com-
paratively small windows compared with the test wafer
which 1s covered with semiconductor material over its entire
surface. The test data obtained from the test waler are
accordingly not representative of the deposition 1n the
windows on the other wafers. Since it cannot be directly
measured how the process progresses within the compara-
tively small windows, moreover, 1t 1s very difficult to
monitor the selective deposition process during the forma-
tion of the epitaxial semiconductor zone. It 1s surprisingly
found that the fact that a layer of non-monocrystalline
semiconductor material 1s formed on the top layer 11 instead
of a layer of monocrystalline material plays no part here.

Preferably, a top layer 11 of non-monocrystalline silicon
1s provided on the second layer of mnsulating material 10. A
layer of non-monocrystalline semiconductor material 25, 44
1s deposited thereon during the deposition of semiconductor
material. After the formation of the epitaxial semiconductor
zone 23, 42 and after the provision of the insulating spacer
layer 26, 45 on the wall of the window 15, 17, 38, the second
layer of non-monocrystalline silicon 28, 47 1s deposited. A
connection conductor 31 for the emitter zone 30 1s formed
therein 1n the manufacture of a bipolar transistor, whereas
the gate electrode 50 1s formed therein 1n the manufacture of
a MOS transistor. The same pattern can then be simply
ctched 1nto the top layer of non-monocrystalline silicon 11,
into the layer of non-monocrystalline semiconductor mate-
rial 25, 44 deposited on the top layer, and into the second
layer of non-monocrystalline silicon 28, 47 for the formation
of the connection conductor 31 or the gate electrode 50. Said
pattern can be etched 1in one and the same plasma comprising
chlorine if the semiconductor material 1s silicon or S1,__Ge,

with 0.1<x <0.4.

The top layer 11 1n the examples described 1s formed on
the second layer of 1nsulating material 10 1n a simple manner
in that the top layer 11 1s already provided on the second
layer of mnsulating material 10 before etching of the window
15, 17, 38 and 1n that the window 15, 17, 38 1s etched also
through this top layer 11.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device
with an epitaxial semiconductor zone, whereby

a first layer of insulating material, a first layer of non-
monocrystalline silicon, and a second layer of insulat-
ing material are provided in that order on a surface of
a silicon wafer,

a top layer 1s provided on the second layer of insulating
material,
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a window with a steep wall 1s etched through the top layer
of non-monocrystalline silicon, the second layer of
insulating material and the first layer of non-
monocrystalline silicon, so that the first layer of 1nsu-
lating material becomes exposed,

the wall of the window 1s provided with a protective layer,

the first insulating layer 1s selectively etched away within
the window and below an edge of the first layer of
non-monocrystalline silicon adjoining the window such
that both the edge of the first layer of non-
monocrystalline silicon and the surface of the wafer
become exposed within the window and below said
cdge,

3

semiconductor material 1s selectively deposited such that

the epitaxial semiconductor zone i1s formed on the
exposed surface of the watfer, and an edge of polycrys-
talline semiconductor material connected to the epi-
taxial semiconductor zone 1s formed on the exposed

edge of the first layer of non-monocrystalline silicon,
wherein the semiconductor material 1s also selectively
deposited on the top layer,

an 1nsulating spacer layer 1s provided on the protective

layer on the wall of the window, and

a second layer of non-monocrystalline silicon 1s deposited

1n the window.
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